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研究ノート
Abstract
This paper focuses on the estimation problem of a survival function on two-dimension-
al data when the data points are subject to censoring. In particular, a path-dependent esti-
mator is studied. In the methods, observations are projected onto the path drawn on two-
dimensional space, and replaced by one dimensional data, then a nonparametric estimator 
is given. When the censoring mechanism is totally ordered, a path-dependent estimator 
give valid inference. This paper discusses the applicability of the estimator when censor-
ing mechanism is not totally ordered and proposes a new path-dependent estimator. It is 
slightly different from former one.
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はじめに
??????????????????????????????????????????
???????????????????????????????????????????
??1???????????????Nelson-Aalen???????????????????
??????????????2?????????????
2???????????2?????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
????????????????????????????????????
???? Ivanoff & Merzbach?2004???????????????????????cloud?
??anti-cloud???????????????????????????
3????????????2??????1?????????????Aguirre?2008??
Ivanoff, Merzbach & Plante?2007???????????????path-dependent estimator???
?????????????????
4?????????????????????????????????????????
???????????????????????????????????????????
??????????????????Aguirre?2008???????????????
1. この分野のこれまでの研究
2???????????????Ivanoff & Merzbach?2000???????????????
?????????????????????? Ivanoff & Merzbach?2002????????Y
?2?????A?????YA????????????????????
??????????????????????????????????????????
?????????????????????????????????????????1?
??????????????????2?????????????????????Ivanoff 
& Merzbach?2004???????cloud???anti-cloud??????????????
?????????2??????????Tsai & Crowley?1998????????????
??????????????Ivanoff,Merzbach & Plante?2007??2????????????
????????flow??????????????
ノンパラメトリック推定?nonparametric estimation?
センサ ?ーcensor?
パス ?path?
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Aguirre?2008???????? anti-cloud???????2???????????????
???????????????????????????????????????????
??????????????????????????????
2. 定義
2.1　モデルの定義
?1???????At, Et?
???? T?????? T??????????????? A???Aguirre?2008??
Definition 2.1.1???????????????????????A?????????????
??T?1? t?????????At??? , Et??????2.1.1????????????Dt ≔
?Et˚?c????
Y?Ω?T????????μ?B??P{Y?B}????????????F?t??μ?At?????
??S?t??μ?Et?????
?2??????????
?? t???????????????2?????????????????
　　　　　ℱt ≔ ℱAt
　　　　　ℱt? ≔ ℱDt
 
t 
図2.1.1　点ｔの過去と未来
図2.1.2（a）　ℱt
                            
t
図2.1.2（b）　ℱt ＊
t 
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??????2.1.2?a?b?????????????????????
2.2　cloud の定義
Ivanoff & Merzbach?2004?????cloud???????????????????????
??????????
D?D˚??????D????????????????????????????????
?????
??2???????K?L??????
　　K??????0?????????
　　L?K???????????????????
?????????????
??η?Ω?A, ?t?T, {ω?t?η?ω?}?ℱt
?-??????????
??η?Ω?A, ?t?T, {ω?t?η?ω?}?ℱt?
??????
??cloud?anti-cloud?Ivanoff & Merzbach?2004??
??L???????????????cloud????
??K???????????????anti-cloud????
cloud????????????anti-cloud?????????????????????
???-cloud??-anti-cloud?Ivanoff & Merzbach?2004??
L???????-??????????-cloud????
K???????-??????????-anti-cloud????
3. 推定量
3.1　 2 次元累積ハザード推定量と問題点
???2?????????????????Nelson-Aalen???
図2.2.1　ドメインの定義
このような離散点や線を含まない
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?????
????Yi?????ξ i?anti-cloud?Z n?t??I{Yi?Et}I{t?ξ i}?I??????
??????S?t??????????????????????Z n???? I{Yi?Et}I{t?ξ i}?
???????????????????????????????????????????
?????????anti-cloud ξ i?????-anti-cloud ξ ????????????????????
ξ ??ξ i?????????????????????????????????????
3.2　逆確率推定量
????????????????Aguirre?2008??????S?t?????1?F?t?????
?????????????????????????
anti-cloud?????ξ 1, ξ 2,?????????????????????? f??0,1??S?S?
??????????????????????1????2??????? flow??????
?flow????? Ivanoff & Merzbach?2000??5????? Ivanoff, Merzbach & Plante?2007??
??????????? f ??0,1?2??0,1?? f ?t???inf{u?t? f?u?}?????ξ if?f?1?ξ i????
????
?????
??????????????
?????
????
?????????????????????????F?t?????At??????????
????????anti-cloud?????????????????????
3.3　パス従属推定量
Tsai & Crowley?1998??1??????????C??C1, C2?????C1?C2??????
???????????S?t???????????????????? t??t1, t2??????
???????S?t??????????3.3.1??????????????0,0???t2, t2????
?t2, t2???t1, t2?????????????????1???????????????????
???
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Aguirre?2008??Tsai & Crowley?1998????????????????????????
????????????S?t??????F?t???????????????????????
???? cloud?????F?t??????????????????????????????
???????????????
????????????T??0,1?2?????0,1???T???????????T????
α???????????????????????????????α－1?????
????α??????2???????????
?????Y α ≔ inft?α{Y≤ t} ?3.1?
?????Y
~α ≔ supt?α{t≤Y} ?3.2?
Y α??3.3.2????????????????????anti-cloud????????????α?
??????????Y
~α?Tsai & Crowley?1998???????????
F?t???????3.1???S?t???????3.2????????????????1??????
??τiα ≔ α－1?Yiα? f or i?1, ?, n????
anti-cloud ξ????
　　　　　ξ iα ≔ {α?u?0,1??α?u??ξ i}
???????????????????????????????
F?At??????At??Yi????????????????????α?u??t??????
1?F?α?u?????????????1??????????????
????? ???
?3.3?
????????
?????
図3.3.1　Tsai & Crowley（1998）の推定法
1 次元へ
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???u????Y?????????????u????Y???????????????
?????????????at risk????????????????????????????
1?F?α?u???1?F?t????????????T?????? t???? t????????
????1?F?t?????????????????????????????????????
???S?t???????????Y1α?Y
~
i
α?????????????????
3.4　最適パス
???????????????????????Aguirre?2008????????????
?????????
????????Aguirre?2008?
??0?? t?T?????α?Aα?u? At?ξ????u?????????????????ξ
????????????????????ξ i i?1, ?, n?????????????????
???
1??????????ξ i??Ci, Ci?????????????3.4.1????????????
????????????anti-cloud?????????????????????? t1??t11, t12?
??????α1????????????0,0???t11, t11?????????????t11, t11???t11, t12?
??????t2?????????α2???????
?????????????????????????
図3.3.2　Yiのパスαへの射影
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??F?t1???????????????????α1??3.4.1??????????????
?3.4.1??????????1????????anti-cloud?????????????????
?????3.4.1?Yi????τi??anti-cloud?????????ηi????F????????
τiα??????????? τ1α?????????????? at risk????Yi???????
????????????4???1/4??????τ2α????at risk??????2?????
??????F?t?????3.3?????
?????
1－ 1－14 1－
1
2 =
5
8
??????? t1?????Y??????????F?t1??5/8????
???F?t2????α2?1?????????????????????T???????? 
F?t???????????????????????????? t?????????????
??????????1??????
図3.4.1　最適パスα1によるF（t）の推定量の計算例
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4. パス従属推定量の検証
??????????????????????????????????
4.1　パス従属推定量の欠点
??????????????????????????????????????????
?????????????????4.1.1????????????????????????
α???????????α1???α2?????????????????4.1.1???????
??????
?4.1.2???1, 1/2????????????? t????F?At?????????????
4.1.2??????????1???1/2?????????????????????????
???t1?? t2???????????????????1??1/2?????????At 1?At 2?
???????F?At1?>F?At2??????????????????????????????
??????1???????????????????????????????????
4.2　最適パスの存在
3.4????????????????????????????????????????
???????????????????????????????Aα?u? At?ξ????α?u?
?????????????4.2.1????2??ξ i????????????????ξ 1?ξ 2?
?ξ 1?ξ 2??????????????????2????????????????????
???????????????????????????
?????{ξ i, i?1, ?, n}??????????????????????????????
??????????? anti-cloud???????????????????????????
?????
?????????????????1??????????ξ i??Ci, Ci???anti-cloud???
???????????Aα?u? At?ξ????α?u????????ξ  ⊈ At??????????ξ
図4.1.1
不連続線
図4.1.2
 
 12 
1 
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???????????ξ????????????????????1??????????
???3.4.1??????????????????????????????????
4.3　anti-cloud が順序集合でないケースのパス選択
??????4.2.1???? anti-cloud?????????????????????????
???????????????????
3.2????????????????????????????????????????
???????????????????????????????????????????
???????????anti-cloud???????????????????????????
?????????????????????????????
??????????????????????????????????????????
???????????????????????????????????????????
???????????anti-cloud?1???????????????????????????
図4.2.1
 
 
図4.3.1　対角線を基本にしたパス
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?????4.3.1???????????????????????????????????
??? anti-cloud???????????????????????????????3.4.1??
?????????????????????????
?4.3.1????????F?t?????F??t?????4.3.2?????Aguirre?2008??Figure 
6.15??????4.3.1?????????????ξ 1, ξ 2????????? anti-cloud????
????????????????2/3??????????????????????? t??
??F??At??2/3????????????????????????????F??At??0?Y???
?????????????????????????????????
?????
2
3－
1
3－
5
8+
1
4 =－
1
24
????????????????????
???????4.3.2?Y2?ξ 2?????????????????2?????Y2????
????ξ 2????????????????????????
4.4　新しい推定量の提案
??????????????????????Aguirre?2008?????? anti-cloud???
???Y? anti-cloud?????????????????????????????????
????????????
図4.3.2　Aguirre（2008）推定量によるF̂（t）の計算値
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anti-cloud?????????????????Ci?????t ≥ Ci??????????anti-
cloud????????????????????4.4.1??????????C1, C2??????
?????Y??????C1α, C2α??????????????1???????????2?
?????????????Y
~
i
?????S?t???????????????????????
????at risk?????????
?????
??????????η i?α?1?Ciα??
???
?????{u?ξ iα}?{α?u?≤Ciα}
?ℱα?u????????????????????ξ i????????????????????
?α?u???????????????ξ iα?ℱuα-anti-cloud????
?4.4.2????? t?T????????F?At??????????????????????
????anti-cloud?????????
Aguirre?2008???????4.3.3??????? anti-cloud???????????????
????????????Y1?????2????????????????????????
?????????Y1????1/3?????????????????????????Y1?
???1/5?????????????????????????????????????
図4.4.1　anti-cloud の射影
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??????anti-cloud??????????????????????? anti-cloud????
?????????????4.4.3?
????????????????????????????????????
????????????????????????????????4.4.2????????
????????????????F?t?????????4.4.4????X??????????
???????
図4.4.2　新しい推定量によるF̂（t）の計算値
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図4.4.3　楕円型 anti-cloud
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Aguirre?2008??????????2??????????C2?????? anti-cloud???
???????Y2?C2?????????????????
??????????????????????????????
5. むすび
Aguirre?2008???????????????????????????????????
???????????????????? anti-cloud??????????????????
?????????????????????????????anti-cloud?????????
???????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????????????
???????????Aguirre?2008?????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
??????
anti-cloud?????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
??????????????????????????????Aguirre?2008??????
???????????????????????????????????????????
?????????????????????????
図4.4.4　負の質量が生じるケース
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